The impedance of the cathodes was also lowered after the ultrasonic washing and pressing treatments. Electron microscopy revealed that the ultrasonic washing of the aged Gen 2 cathode material resulted in the removal of small particles covering the surface of the active cathode. These findings are interpreted in terms of a model whereby capacity loss, and thus power capability, is restored by removing the fluorophosphate deposit and restoring electronic contact to the active cathode material.
Introduction
Layered nickel-oxide-based active materials are among the most widely used cathodes in commercial lithium ion cells because they exhibit high specific energy and specific power 1 The present study reports the results of NMR measurements performed on cell components obtained from a Gen 2 cell that had been aged at 60% state-of-charge and 45˚C for 72 weeks, and had lost 50% of its power capability delivered under the HPPC tests 3 . Samples harvested from the cathode of the aged cell have also been subjected to galvanostatic cycling, Electrochemical Impedance Spectroscopy (EIS), and scanning electron microscopy (SEM), with the intent of understanding the failure mechanisms of the Gen 2 cathode. Taken together, these data suggest that the capacity fade of a Gen 2 cell is attributed to the accumulation of a film of electrolyte decomposition products on the surface of the cathode particles, causing particle isolation and increased impedance at the cathode/electrolyte interface. Removal of the film and reestablishment of particle contact restores almost all of the lost capacity, and dramatically reduces the cathode impedance. We did not investigate the formation of electrolyte reaction products on the anode side. Cell impedance rise is predominantly attributed to the positive electrode; therefore, we focused our work on this electrode.
Experimental Equipment and Procedures
The ATD Gen 2 calendar-life cells were cycled and aged at the Argonne National 
The substitution of the fluorine atoms in the phosphorus oxyfluoride (OPF 3 ) compound gives rise to the formation of mono and difluorophosphate species, as observed herein by 19 F and 31 P NMR.
The fluorophosphate decomposition products and the LiPF 6 salt are also present on the surface of the electrode obtained from the aged cell, as evidenced by the 31 P NMR spectrum (Fig. 3) . It is thus clear that the electrolyte decomposition products can interact 
Conclusions
In this study the failure mechanisms of a Gen 2 cell aged 72 weeks at 45˚C and presenting 50 % of power fade were investigated. The composition of the electrolyte of a Gen 2 cell was investigated by 19 F and 31 P NMR to probe its stability under the cell testing conditions. The surface of the LiNi 0.8 Co 0.15 Al 0.05 O 2 cathode obtained from the same cell was also studied by 31 P NMR. Three different treatments were carried out on the cathode before measuring its electrochemical properties to examine the effect of mechanical and contact issues. The initial discharge capacity of a washed and pressed electrode was 65 % higher than that of an untreated electrode, and nearly equal to the original capacity of the electrode. Furthermore, the AC impedance of the washed and pressed electrode was much lower than that of the untreated electrode. The morphologies of an untreated and a washed cathode were different since the formation of a film is observed on the untreated electrode, and is absent from the washed electrode. The capacity fade of a Gen 2 cell is thus attributed to the accumulation of a film of electrolyte 8 decomposition products on the surface of the cathode particles, causing particle isolation and increased impedance at the cathode/electrolyte interface. Removal of the film and reestablishment of particle contact restored almost all of the lost capacity, and dramatically reduced the cathode impedance. 
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